methylation analysis of selected genes for the detection of early-stage lung cancer using circulating cell-free DNA.
Introduction
The lung cancer mortality is 19.4%; it accounts for 22.83% of all male tumors, while its incidence rate in female tumors is 14.32%. 1 The 5-year survival rate of patients with stage I lung cancer is 60-90%, while it is only 5-20% in patients with stage IIIb and stage IV. 2 Most lung cancers are detected in middle and late stages due to the lack of effective diagnostic methods. Therefore, early detection and treatment of lung cancer play an important role in controlling its mortality. Chest radiography and sputum cytology are economical and practical methods in current early screening methods; however, their sensitivity and specificity are not very high. Lowdose computed tomography (CT) can detect small lesions of only a few millimeters in the lung and its sensitivity is high, but the specificity is poor; it can also cause a mental and financial burden to patients with benign tumor nodules, and may even inflict unnecessary trauma to their bodies. 3 DNA methylation is an important epigenetic phenomenon that can affect gene expression without changing the DNA sequence. Aberrant methylation of the promoter 5'-C-phosphate-G-3' (CpG) island leads to silencing of tumor suppressor genes, which is one of the important mechanisms of tumorigenesis. 4 Studies have shown that DNA abnormal methylation exists before the patient shows clinical symptoms or before X-ray evidence is obtainable. Moreover, it exists in many bodily fluids such as plasma, urine, semen, and feces. [5] [6] [7] These findings suggest that DNA methylation may serve as a biomarker for noninvasive diagnosis, and is useful in the early diagnosis of cancer. Methylation of the CALCA, HOXA9 and PITX2 genes is an effective biomarker for lung cancer. [8] [9] [10] [11] However, the sensitivity of single gene methylation detection is only about 60%, which fails to meet the standard for early diagnosis of lung cancer. One study found that the combined detection of multigene methylation can increase the sensitivity to 93%, but the specificity is decreased. 12 Even so, the concentration and integrity of free DNA in patients with cancer are higher than in healthy subjects, and detecting the methylation of lung cancer-associated genes by extracting free DNA in plasma is the trend in the early diagnosis of lung cancer in recent years.
In this study, the methylation of 8 genes (CDH13, WT1, CDKN2A, HOXA9, PITX2, CALCA, RASSF1A, and DLEC1) in plasma was analyzed by fluorescent realtime quantitative methylation-specific polymerase chain reaction (QMSP), and the results of a histopathological diagnosis and gene methylation were compared and analyzed. We determined whether free DNA methylation in plasma can be a reliable biomarker for noninvasive lung cancer detection, which could provide clinical data support for free DNA methylation as a biomarker for large-scale early noninvasive screening of lung cancer.
Material and methods

Subjects
A total of 50 patients with pulmonary space-occupying lesions found using chest CT who underwent surgery in the First Affiliated Hospital of Jiaxing University, Zhejiang, China, between June 2015 and June 2017 were enrolled into the study. The selected patients met the following criteria:
-chest CT suggested radiographic abnormalities with pulmonary space-occupying lesions, including nodules and masses 5-20 mm in size; -absence of related antineoplastic treatments such as surgery, chemotherapy, radiotherapy, targeted therapy, or biological immunotherapy; -absence of diseases not suitable for venous blood collection, such as blood diseases and acute infectious diseases that can be transmitted by blood. Patients with lung cancer recurrence, accompanied by other malignancies, pregnant or breast-feeding women, and patients with autoimmune diseases were excluded. The demographic characteristic of the patients is shown in Table 1 .
The study protocol was reviewed and approved by the Research Ethics Committee of the hospital. Written informed consent was obtained from each of the participants or their legal guardians.
Pathological features
The lung tissue was resected surgically and fixed with 4% paraformaldehyde to prepare paraffin sections and hematoxylin and eosin (H&E) staining. Lung cancer was diagnosed by 2 experienced pathology experts. A total of 39 cases of stage I lung cancer were identified by pathological analysis among the 50 selected cases, which included 25 cases of adenocarcinoma, 12 cases of squamous cell carcinoma and 2 cases of mucinous carcinoma. The remaining 11 cases were inflammatory pseudotumors. 
Plasma DNA extraction
Samples of anticoagulant peripheral blood were collected before the operation and plasma was separated by centrifugation at 1000 rpm for 10 min. The isolated plasma was cryopreserved at −80°C for the extraction of plasma-free DNA and used for methylation detection.
The DNA was extracted from 500 µL of plasma of the subjects using a QIAamp MinElute Virus Spin Kit (Qiagen, Hilden, Germany), according to the manufacturer's instructions. The extracted DNA was amplified using a GAP-DH gene primer (F: AGGTCGGAGTCAACGGATTTG, R: GTGATGGCATGGACTGTGGT). The conditions for the PCR were as follows: 5 min at 95°C, then 15 s at 95°C, 30 s at 60°C, 30 s at 72°C for 38 cycles, and finally 10 min at 72°C. Polymerase chain reaction amplification products were observed after 2% agarose gel electrophoresis using ImageQuant LAS 4000 (GE Healthcare Life Sciences, Marlborough, USA) gel imaging system, and the specimens not amplified for the desired PCR product were eliminated.
DNA modified by sodium bisulfite
Plasma-free DNA was modified by sodium bisulfite using an EpiTect Bisulfite Kit (Qiagen), according to the manufacturer's instructions. DNA (1 μg) was added to Bisulfite Mix Solutions (85 μL; Qiagen) and DNA Protect Buffer (35 μL; Qiagen) -the final volume was 140 μL -by adding RNase-free water. They were incubated at 60°C for 5 h, then heated to 95°C and rapidly quenched in an ice bath. The single-stranded DNA solution was purified by an Epi-Tect Spin Column (Qiagen) and DNA modified by sodium bisulfite was obtained.
Real-time quantitative methylation-specific polymerase chain reaction
The modified DNA was amplified using real-time quantitative methylation-specific PCR (QMSP) as described by Nawaz et al. 12 The target genes included CDH13, WT1, CDKN2A, HOXA9, PITX2, CALCA, RASSF1A, and DLEC1. The relative methylation level of the target genes was determined with β-actin as a reference gene. The sequences of primers and probes used in this study are shown in Table 2 . The QMSP reaction system contained 600 nM of primers, 200 nM of probe, 0.75 U of platinum Taq polymerase, 200 mΜ of deoxyribonucleotide triphosphate (dNTP), 16.6 mM of ammonium sulphate, 67 mM of Tris, 6.7 mM of magnesium chloride (MgCl 2 ), 10 mM of mercaptoethanol, 0.5 μL of 0.1% dimethyl sulfoxide (DMSO), and 50 ng of modified DNA.
The conditions for the QMSP reaction were as follows: 1 min at 95°C; 15 s at 95°C and 1 min at 60°C for 50 cycles. DNA of healthy human leukocytes treated with Sss I methylase (New England Biolabs, Inc., Ipswich, USA) was used as a positive control.
Statistical analysis
The SPSS v. 19 .0 software (IBM Corp., Armonk, USA) was used for statistical analysis. The association between the pathological features and the demographic characteristics was evaluated with a χ 2 test. The level of statistical difference was defined at 0.05. The sensitivity and specificity of plasma DNA methylation level detection to diagnose lung cancer were calculated. Sensitivity was positive for positive methylation/total cancer cases and specificity was negative for negative methylation/total benign cases.
Results
The QMSP results showed that the methylation levels of 8 genes in 39 lung cancer patients were significantly higher than those in the non-lung cancer group. The methylation level of CALCA gene was the highest, followed by CDH13, RASSF1A, DLEC1, WT1, CDKN2A, and PITX2, and the methylation level of HOXA9 gene was the lowest. Methylation of RASSF1A, CDKN2A and DLEC1 occurred only in lung cancer patients, while the methylation of CAL-CA, CDH13, PITX2, HOXA9, and WT1 occurred not only in lung cancer patients, but also in benign lung patients. Methylation levels of each gene in lung cancer and nonlung cancer patients are shown in Fig. 1 and Table 3 . The CDH13 gene is one of the members of the cadherin gene family. It is a tumor suppressor gene. Its expression is reduced or absent in a variety of tumors. The methylation of the CDH13 promoter is the major cause of its downregulation. 18 The WT1 gene encodes human Wilms tumor protein; it is a transcriptional regulatory factor that has a bidirectional regulatory effect on cancer. Hypermethylation and overexpression of WT1 gene are present in many tumors. 19 CDKN2A encodes p16 protein and is also an important tumor suppressor gene; it belongs to the cyclin-dependent kinase inhibitory factor family. The CDKN2A gene plays a negative regulatory role in the cell cycle. It causes the cell cycle to stagnate at the G1/S phase by inhibiting the activity of cyclin-dependent kinases 4 and 6. CDKN2A methylation levels increase in a variety of malignancies. 20 The HOXA9 gene is a member of the homeobox (HOX) gene family. Its protein is an important transcription regulator, which plays an important role in controlling embryonic development and regulating cell differentiation. The methylation of the HOXA9 promoter and its abnormal expression are closely related to acute leukemia, malignant glioma, ovarian cancer, lung cancer, and breast cancer. 9 PITX2 belongs to the transcription factor of the pairedbicoid protein family. It plays an important role in embryonic development and is abnormally expressed in breast cancer, nonfunctional pituitary adenoma, nephroblastoma, and colorectal cancer. 21 CALCA is a polypeptide secreted by the parathyroid gland and forms a complex with calcitonin. It has been found that elevated levels of CALCA promoter methylation Quantitative methylation tests results were compared with histopathological findings, and the specificity and sensitivity of the detection of plasma-free DNA methylation levels in the diagnosis of lung cancer were determined. As shown in Table 4 , the specificity reached 95~100%, whether for a single gene or overall, but the sensitivity was relatively low for each gene. The sensitivity can reach 72% if the methylation of any of the 8 genes is positive and the overall specificity was 91%. The positive and negative predictive values were 96% and 60%, respectively.
Discussion
Lung cancer mortality has decreased by 20% due to the widespread use of low-dose CT screening recently. [1] [2] [3] This technique may be the main method for the diagnosis of lung cancer in the future, and more patients with earlystage lung cancer will be diagnosed. 3 However, low-dose CT screening cannot distinguish lung cancer from benign lung lesions. Therefore, in this study, we used the QMSP technique to detect the methylation levels of 8 genes (WT1, CDKN2A, HOXA9, PITX2, CALCA, RASSF1A, CDH13, and DLEC1) in the plasma-free DNA of lung cancer-affected patients diagnosed by low-dose CT screening. The results were compared with the pathological results of lung tissue to observe whether the level of plasma-free DNA methylation could be used for the diagnosis of early lung cancer.
DNA methylation is common in human cancers; it has been observed that methylated DNA can enter the plasma from cancer cells, and methylation of DNA in plasma suggests the presence of cancer. [14] [15] [16] [17] DNA has a stable molecular structure and provides better detection stability. DNA methylation can be accurately quantified using qPCR analysis. In this study, we detected the methylation of 8 genes in the plasma-free DNA of patients with pulmonary space-occupying lesions using QMSP. It was found that there were significant differences in the methylation levels of the 8 genes in lung cancer and non-lung may be an important marker of malignant tumors such as esophageal cancer, colon cancer and thyroid cancer. 22 RASSF1A is a novel tumor suppressor gene cloned from the short arm of human chromosome 3. It is low-expressed or not expressed in various tumor tissues. The reason for its nonexpression may be the specific methylation of CpG island in the promoter region. 23 DLEC1 is a tumor suppressor gene located at the 3p21.3 region. It can inhibit the growth of lung cancer, esophageal cancer and the renal carcinoma cell line. The specific methylation of CpG island in the promoter region can cause downregulation or nonexpression of DLEC1, which is associated with the development of multiple tumors. 24 It has been shown that the methylation of CDKN2A, RASSF1A, APC, RARβ, DLEC1, DAPK, and CDH13 genes in peripheral plasma-free DNA may be a potential marker for the diagnosis of lung cancer. 25, 26 The methylation of CD-KN2A and RASSF1A are also associated with the prognosis of lung cancer. 8, 27 The methylation of these genes has good sensitivity and specificity in lung cancer. 23, 28 Our results showed that there were significant differences in the methylation levels of the 8 genes between lung cancer patients and non-lung cancer patients. Methylation of RASSF1A, CDKN2A and DLEC1 occurred only in lung cancer patients, while the methylation of CALCA, CDH13, PITX2, HOXA9, and WT1 occurred not only in lung cancer patients, but also in non-lung cancer patients. The sensitivity and specificity of methylation detection of these 8 genes in the diagnosis of lung cancer are lower than those reported in other studies. This may be due to the fact that all the subjects examined in this study are stage I lung cancer patients, or due to the small sample size.
We explored the utility of quantitative detection of plasma DNA methylation in the diagnosis of early lung cancer. The distinction between early lung cancer and benign lung lesions is highly specific and sensitive by detecting the methylation levels of 8 genes. This study also showed that the accuracy of the detection is increased with the increase of the number of detection genes; therefore, finding more and more meaningful markers will also be an important task in further studies. It was found that quantitative detection of DNA methylation in plasma is a potential method for early diagnosis of lung cancer.
